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Io = ie?RODUC TION 
A~ Object of Study. 


The purpose of this investigation wis to determine 
the effect of drying conditions, as regards temperature and relative 
humidity, on the ultimate strength developed by pottery plaster in 
setting; and to determine the effect upon strength of alternate 
saturation with water or electrolyte and drying out. 


B - Reasons for Work. 


Interest developed in this work as 2 result of the 


fact that plant operators are beginning to look for information 
concerning the proper preparation, treatment, and eare of plaster 
molds. It hes been xnown for « long time that molds are sometimes 
injured by being dried in dryers that are maintained at too high 

a temperature; but it has not been known just how badly they were 
“burned” or the temperature at which "burning" begins. Mold maxers 
know th.t their molds are weaxened by their contact with entes nd 


~~ 


electrolyte solutions; but they have not known how rapidly they 
are weagened,. 

In modern plants of today the conditions in plaster 
shop and dryer vary from pleont to plant, and from day to day. This 
is due largely to the fact that slight scientific work has been 
done along this line. Some plant operators are very careful and 
dry their molds in dryers only slightly above room temperature. 
Others believe plaster will stand considerable temperature and 
ary their molds over steam pipes. The need of experimental work 


is easily seen and it wis with this in view that the investigation 
AS undertacen. 
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C - Previous ork. 

Very little work his been done along this line of 
research. The only publisned data was from the l.boratory of the 
United Stites Gypsum Comuiny. In this article it is stated with 
respect to drying temperature that "The ordinury room temperature, 
70 dexsrees Fahrenheit is the sifest. Higher temperatures up to 
145 degrees Fahrenheit may be used in drying, provided that great 
eare is exercised to see that the molds are removed from these 
temperatures as soon us they are dry. There is no dunger of the 
molds being burned so long as there is an excess of water in them, 
but as soon as this is dried out any tenperature exceeding 120 


degxrees Wchrenheit will cause combined water to leave the molds, 


i: 
resulting in their being burnt." 


he 
Ceramic Industry, Pages 216-222, March 1925 : Fundamental 


Factors in the Use of Pottery Plaster. United States Gypsum Compsny 
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II - METHODS OF STUDY 


A - General Methods Used. 

In order to have fairly uniform plaster from which 
to make #11 the test pieces, five begs of Ivory pottery plaster 
purchised in the open marxet from the Illinois China Company were 
reserved for this work. 

The test pieces for 411 tests were prepared in the 
same manner, the difference in work being only in the treatment of 
specimens after molding ind before testing for strength. 

Since a good cross-breaxing machine, shown in the 
accompinging photogruph, wus available, it was decided to use 
cross-breaking strength tests instead of crushing strength or 


tensile etrength tests. 


In the maxing of the test pieces differant proportions 


of water and plaster were used until a good mix was found that gave 
good strength and sufficient time for molding. This mixture was 

70 parts water to 190 parts plaster. It was found that £490 ee. 
of water and 3000 grams of plaster give sbout the risht sized batch 
for filling the molds used. 

Three steel molds open at top and bottom with inside 
dimensions 1" x 1" x 4£" were used for casting the bars of plaster 
which were later to be sawed into 6" test pieces. ‘he molds were 
pisced on smooth soapstone which acted as the bottom. 

In maxing each set of test osieces the wuter was 
| measured into galvanized iron bucxet and the weighed amount of 


plaster sifted into the water through the fingers. After «11 the 
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plaster hid sunk bene:th the surf:.ce of the water, it was 
allowed to biend for tkree minutes after which it was mixed for 
five minutes using a bueccet stir. At the end of this time, the 
plaster wis immediately poured into the molds which hid previously 
been given « thin coating of light oi1. When the plaster had 
begun to set, it wis smoothed off with s clean spatula. The bars 
were left in the molds until the surface of the plaster was hard 
to soratch with the finger nail, about one-half hour. The steel 
walls, which had been held together by screw clamps, were then 
removed and the bare were sawed into six-inch test pieces giving 
21 pieces altozether. <All sopmratus used was xept clean of set 
plaster, oil, and dust. 

Sets of test pieces were sublJected to various treate- 
ments in drying prior to testing for strength. The conditions of 


temperature, humidity, and soaxing treatments are described below. 


The testing for strenzth was done in a standard cross- | 


breaking machine before mentioned. Since the weight applied by the 
| machine was not sufficient to break the pieces, a five-hundred 
gram weight wis hung on the end of the horizontal beam. This made 
| it necessary to calibrate the machine over again, because the 
formula given with the machine no longer applied. 

The curve, Figure I, obtained for modulus of rupture 
reads directly, so that the reading on the vertical bar for the 
breaking point of each test piece may be converted directly into 


modulus of rupture. 
B = Materials Used. 


The miterials used in the investigation were; 


4 . 
(1) Ivory pottery plaster obtained in open murket from the 


Illinois Ching Company. 
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(2) Pup water. 
(3) G.P. Sodium cirbonate. 
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(4) Stock sodium silicate (water glass). 
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II - BPPSCT OF ORYING TRMPSRATURKB OW STRENGTH OF SET PLASTER 


A - Method. 
| To determine the effect of drying temperature on ths 
| strength of set plaster, tests were made at the following temp- 
eratures; forty-five, sixty, sixty-five, seventy, eighty-five, and 
ninety-five dezrees Centigrade. For each test one set of test 
pieces Was mude up in ex.ictly the same manner as described above. 
The bars were allowed to set for one hour and then were pluiced 
on the racxs in the dryer. 4 constant temperature was maintained 
in the dryer for the respective tests. Hach set of test pieces 
was left in the dryer two days to allow time not only for drying, 
but also for partial dehydration. The bars were then removed, 
| allowed to cool, and broken imnediately in the cross-breaking 
| machine. 
B- Results. 

The average modulus of rupture for each test is 
plotted in Figure II. According to this curve there is no decrease 
in strength due to drying at temperatures up to sixty-five degrees 
Centigrade. ‘bove that point the streigth falls off Sharply, 
proving th.t dehydration of the CaSO, -2H,0 has teaxen place 
appreciably. 

AS a result we may state thit in the drying of plaster | 
molds the highest temperature that may be used without "burning? 
them is sixty-five degress Gentigrade. Since a siightly higher — 
temperature will dehydrate the plaster, reducing the strength Wn 3 
geastiy and materially shortening the length of life of the mola, 


the average temperature maintained in tae dryer should never be 
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above about fifty degrees Centigrade, one hundred twenty-da0 
degrees ¥ahrenheit. This allows for a fifteen degree variation in 


temperature in the diffsrent parts of the dryer. 


CG + Application of Results in Plant Practice. 

Since the temperature of dehydration is so much 
lower than that of steam pipes, one hundred degress Centigrade, 
molds should never be placed near steam vipes. 

Some plants that are now drying their molds at 
temperatures higher than this may reduce the temperature toa the 
above point or lower and more than overcome the decrease in dry- 
ing rate by the use of forced circulation. The rate of drying 
is determined by the rute of air movement, the relative humidity, 
and the rete of diffusion of moisture from the inside to the out- 
side of the pieces. Plaster of Paris is so porous that at least 
seventy percent of the drying is as from afreesliould surface. 
This maxes the rate of drying of plaster desentant upon the rate 
of air movement, and relative humidity. In the ordinary dryer, 
however, the sir movement is very siow. Although the high temp- 
erature used increases the vapor pressure in the mold, the evap- 
oration into dead air rapidly raises the vapor pressure of the 


moisture in the air near to that of the moisture in the mold. 


This fact slows down the rate of drying greatly. The temperature 


can be cut to fifty degrees Centigrade and by installing a forced 
air system the rate of drying ean be made more rapid than at the 


higher temper ture, because of the continual change of air. 


J 
J 


0h de teethepotre dlaldae Se dined rer ee oe 
Sete pM eee PA pyctalts Nay Sir {terion pea Peg arte 4 TO 


sere 
He 
rE 
SHEE 
ie _ Soaetostieaiteniterites 
Suggs GeS00 SESS CUCae CERES UGRGGGeSe Senn nee 
ae 
sift: 


BEDGEES 
peneteeed 
Hine 


HEHE Skee we BREBASS 
SEseHSGEEsdasssssseietteteseedzzs 


a AE 
HiHicth iret ae He ao ae 
co Eft Gettin Hite sete Hd 


EEE 
SauEESnEne 
Bier ea 


Ht 
HEE 
a as 
; 
PERE 


ate BG 


ooae aati See 


ae 
ai ee oo 


EeEeae rT TEESE oy 
ie se = oe ae ae He 
if ae ae Pye HEE EEE | 
ofa ae itil oe ae 
SE irate 
epee are Heise ttn He 
ste ee SESE oT ae Hit 


Saesgia sbdaseeztastestastostectecteiteaitarts: 
ane a 


Steer 


HH ann 
a 
7 spazerecsetarsssartsents 
Heeieees a pape 


i 


cuann 


Sakae ee a 
SSRAENE aRSeES 


rH 
Bares 
Pt pelea 


pH 
FE 


BERTAES Ow 
srcbizati 
nae 
nce 


SHEE 
sianee 


Scere 


HH an ia 


7 


Heats, sazeteata | ot sgosaceetaantats 
fie ane i Heit He He ee att ane iE 
oe S00 peunee 
oe ae Ht 


FEE Pe fuiieelieal FH + 

HEE FH HHH seee ao HE HoH vue i 
eit Hae saat teesitastias fae Paintin a ed 
ae hele HEE Un lbs SEE ot 
iearreee Seas anata H FH 
x Hines EEE Bieta amine SPREE Einiaie: EAE 
ee rane ssf tee be HH H+ 4+ ee FEE cies 


ae ines 


mas Seuneane Seem Hh HH HH 
ae SSE ieee 
en en (See 
an ee aan is ce a CI 
ff SaaE teen ry HH 


ce 


He Haat soeestedt BEGGEUOSEEEE at 


ial \ene 


ee 


Ht a EL 


ro aa 


SrA 


ae 
a 
a 


2 
| 
ag eaneg +4 
an ue ye ) 
po seus as i 
4 = 
HA 
a 
ty 


~ 
a on es ee eee ease 
aaeeae aeme Hy oy 
oe 
mee ae." | 
yy | am 
io PEEL LI) 
BEER <) BERS Se 
Ss5EzeR 
= ry 


c nena 
ae Sian 


a 
HHH ne 


He 
HH 


3 


oral 


FETE HHH oH il a havent 
1 si | ae | oe 


ssittt seit senay 


oe cee aH Pele i 


eH 


funens 


See eDaH HH Pea 


a v4 ax 
bt oh Se : : > : es Le re eo pk mace 
: sa , Lape oe Set oy ; Ff. a 3 


C2 ieee eK 


rs Get 


te 


Se 


D ees 


am ees 


x ER et 
oD aes 4 


ms 
4 


chad 
pudn 


Asad 


» aa 


Mile ee daeks ding 


& 


5 


pW aa G bleh: 


nervpstend 


Pang -<b-38 STs 


er ee ee Oe a 


Data Por Figure II 
Maximum Drying Temperature 
¢ 
Test iumber I 
femperature 45 0 


Average modulus © 
a 4 rupture 492 


+ Number of bare 19 
| Number rejected 0 


“Aworage bar 
position 27 sk 


Wiximum bar 
position 


Minimam bar 
position 


Deviation of 
maximum 


Deviation of 
minimum 4.95 15.655 


The bar position may be converted into modulus of 


rupture by taxing them from the curve, Figure Le 
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We = T98 BFFECT OF STORAGE IM A SATURIPED \?MOSPHERE 


ON THe STRENGTH oF PLASTER 


A ~ Methad. 

Nine sets of test pieces, twenty-one pieces euch, 
were mide in exactly the same manner as that deseribed in Part II; 
one sst being placed in the dryer, dried at forty-five degrees 
Centigrade for twelve hours and then broken; while the other sets 
were placed in jars immediately after removing from molds and kept 
in a moist or saturated atmosphere. The jars were maintained at 
one hundred gvercent relative humidity by putting water in the 
| bottom and placing the pieces on a brick to xeep them up out of the 
water. A pan of water was set on top of the stack of test pieces 
und the jar was covered with «a plaster of Paris lid. ‘The pan of 
water was placed in the top of the jar to prevent the drying out 
ef the test viecss by gravity. 

At the end of nine hours one set of test sieces wae 
| taxen out of the jar, placed in the dryer and dried at forty-five 
degrees Centigrade for twelve hours. After drying, the bars were 
cooled and brozen immediately in the cross-breaxing machine. 
| Similarly, sets of test pieces were removed from the jars, dried 
and broken at the ends of one, two, four, six, seven, sight, and 
thirteen days. 

B- Results. 

From Figure III it will be seen that the plaster 
is practically set at the end of one day but g.ins some strength 
the following day. Although plaster appears to be thoroughly 
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16 
iat at the end of one hour, the hydr.tion process is not complete 
and if the piece is placed in the dryer at that time the ultimate 
strength is about twenty percent less than it would be if left in 
& saturated atmosphere for two days. After two days the strength 
remains constant showing that the hydration is complete. 

To determine whsther or not test pieces which had 
been dried would take up moisture from saturated gir and further 
| hydrate, two sets of test pieces were made up and placed in the 
dryer at the end of one hour, then dried for twelve hours at forty- 
five degrees Centigrade. When dry, one set was placed in 4 
| dessicator having concentrated sulfuric acid in the bottom while 
the other wus placed in a jar with the atmosvhere at one hundred 
percent relative humidity. At the end of three days both sets 
were placed in the dryer, dried at forty-five degrees Genticrade 
for twelve hours, cooled and broken. The results show that no 
strength is gained by the humidity treatment given in this manner. 
The plincing of the bars in the jar containing moist air was for the 
purpose of praventing the moisture held in the plaster from being 


dried out until the hydration was completed. 


G@ ~ Application of Results to Plant Operstions. 

Plints may apply the sbove orinciple by leaving | 
their newly made molds in « damp room for two days before aryiue 
them out for use. This method will increase their strength about 
20% and will Rudoubtedly mice the molds last longer. As soon ah 
the mold is set it should be moved from the plaster shop to a ddiap 
closet und left for two dsys. If the mold is allowed to dry out \ 


before being placed in the damp atmosphere, no increase in strejicth 
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will result. This increase of twenty percent in strensth result- 


‘ing from etorage in a damp atmosphere should lengthen the Life of 
the molds «ut least one month by cutting down the breakage, eta. 


Thies will more than pay for the use of one room for the damp closet. | 
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Data For Figure IIt 


The Effect of Storage in a Jjaturated Atmosphere 


Test Number I a Bas es IV Vv 


fime in jar 9 hrs. 1 day & days 4 days 


Average modulus 
of rupture 581 602 616 61z 


Number of bare 
Number rejected. 


Average bar 
position 


Maximum bar 
position 


Minimum bar 
position 


Deviation of 
maximum 


Deviation of 
minimum 


paypal 


os 


BAe easier 


en seems rence TR aR ne te Stet Bah 


rs ‘, j 
ie Wie Tea 
F i 
ed 
} 
AP PS y 
ai, Bea: ae 
he : 
1h 
ik ‘ 
1% + 
ed « y 
i Ds ea 
{i 
i! , 
i 
ik a 
3 ve 
a 4 
{ 
f , 
V3 \ 
7 ie 
Ce 
2M , 
é os a hl 


‘ 


So 


re 


| 


Yee % 
pa TAK RE 
ga < 
+ 
a 
F 
if = 


2 


4 ? I. 

¢ ‘i A ae e : j ¥ I 

i de Nero) ae AAD ar > # Hy a * ry 

4 re ‘ 

ve) se 

4 i x 
ve “ : 
ii, , a 


Pauw 


Mee 


Aa aa 


ahs 


eee et ee ae 


eee enc Sta 
ors: 


Test Number 
Time in jar 


Average modulus 
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¥~ THE INFLUENCE OF REPRATED SOAKINGS IN WATSR AND 
BUROPROLYTS SOLUTION UPON THE STRENGTH OF SET PLASTSR 


A ~ Method. 
Four sets of test oieces were mide up in the manner 
described sbove and placed in the dryer at forty-five degrees 
| Centigrade. When the burs were dry, they were removed from the 
dryer, one set was cooled and broken, while the other three sets 
were placed in 2 shallow pan into which had been pleced a five- 
tenths percent solution of sodium carbonate and sodium silieste 
) used in ¢qual amounts by weight. The solution was just deep enough 
to leave the tops of the test pieces out. This permitted the sscape 
of the nir and the filling off. 412 pores by capillary attraction. 
At the end of three hours the test pieces were placed in jars, 
maintained at one hundred percent relative humidity for the rest 
of the dsy. The next day they were dried out, one set was broxen 
in the eross-bresking machine, and the other sets were placed in a 
new solution of sodium carbonate and sodium silicate of the previous 
concentration, left for three hours and the entire process repeated. 
Sets of test pleces were broken .fter zero, one, 
sthtds; and four periods of soaxing and drying. ‘The results were 
plotted in Figure IIi. 
Four more sets of test pieces were made up and treated 
in exactly the s.me manner using water instead of solution for the 
soakings. Tap water was used and was chenged for each soaking. 


Sets of pieces were broken at the ends of one, three, seven, nd 


eight, three-hour soxrxing periods. The results are shown in Figurell 


i 
i 


~ 


: 
i 
Ff 
1g 
y 


J or 
4 “a 
; 
he 
4 5 
F be 
eo iy 
5 
hig 
‘ya a . 
ee , 
iy thay 
‘ 


’ 
wy 
* 
4 


+ i 


oe 


¥ 
t) 


£2 
B- Results. 

Prom the eurve it ean be seen that ‘pottery plaster 
loses strength much more rapidly in the electrolyte solution than 
in water. Thies is due to the fact th.t the plaster is wea*rened 
not only by the effect of solution brought about by the water, 
but also by the reaction of the electrolyte with the plaster. 

Since the insoluble compounds, cdicium carbonate and calcium 
silicate are formed by this reuction, the reaction goes +9 complet- 


ion, maxing the attack severe. 


C - Discussion of Results. 

The fact that ths electrolytes attack plaster has 
long been known to ceramists because of the ecum of sodium sulfite 
brought to the surface of the mold by the water and left there 
upon its evaporation. 

‘9 further work along this line it would be well 
to attempt to find some cheap organic basie compound which would 
serve the purpose .8 an electrolyte and not attack the mold so 
rapidly ss does sodium carbonate and silicite. The work should 
be done first to find sever.1l cheap electroljtes which may be 
used in the oreparation of eusting @elips. Then it should be 
determined which one affects plaster the least. If one could be 
found which did not attack pottery plaster, the life of molds 
would be doubled. 
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Data Por Figure LV 


Soacing Tests in Electrolyte Solution 


Test Number 
Number of soakings 


Averuge modulus of 
rupture 


Number of bars 
Number rejected 
Average bar position 
Maximum bar position 
Minimum bar position 
Deviation of maximum 


Deviation of minimum 


el. ib 
bes ae ¥ 1 
ee s 
Hey 
Pa ia 
fh, . ; 
¥ : 
5 A I 
ie . ek 
i ice "eRe Seat ee 
pale the . ig Se Olah aa 


a 


ees 


Fane 


spake 


a asin er ma eri 


ee! 
2 
ca 


APS ta RS 


Pe meme iarpang 
oa 


DN OLIR RK 


Data for Figure LV 


Soaxing Tests in Water 


Test number _ 


Number of 
soacings 


Average modulus 
of rupture 


Number of birs 
Number rejected 


Aver«acte bar 
position 


Maximum bir 
position 


Minimum bar 
position 


Deviation of 
maximum 


Deviation of 
minimum 


51.87 


15.1é 
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VI- CONCTIESIO 


In conclusion it may be stated thi: 

{1) Pottery plaster should never be dried at a temperature 
above sixty-five degress Centigrade. 

(2) It should be cept moist in a damp closet for two days to 
allow time for complete hydration. 

OPGRYo As little of electrolytes as possible should be used 

in casting slips to minimize the effect on the molds. 

(4) Plant operators and research ceramists should Look for 
& cheap electrolyte which will not attack the molds ané yet will 


serve the purpose. 
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